Before introducing quality control, as it is understood at present, into any laboratory, it is most important to know its limitations. It will indicate clearly how well the laboratory can reproduce what may be grossly inaccurate results; it is only a statistical system for measuring reproducibility or precision. Accuracy, in the full sense of the word, is an inherent feature of the technique used and must be checked as a separate operation. There are several ways of doing this (see Mitchell, 1966; Whitby, Mitchell and Moss, 1967) but undoubtedly the best is to compare the results using the method being evaluated with those obtained by the most specific techniques available. These special techniques may entail considerable expertise, labour and expense (e.g. in the assay of calcium using isotope dilution) or the use of expensive, not readily available equipment (e.g. a mass-spectrometer or X-ray fluorescence equipment). It will be desirable to agree, internationally if possible, on those assay procedures which give results as near to perfection as possible. Controls (there may be a case for calling them standards) assayed by such techniques should be made available and it is suggested that they be termed referendary controls. The word referendary is defined in the Oxford English Dictionary as 'one to whom a matter in dispute is referred for a decision'.
The need for such controls was particularly evident recently when 40 European and American laboratories compared the results obtained on the same batch of standard sera. Very few results were the same and it was impossible to say which was correct. The need for some form of enlightened arbitration was most apparent.
The selection ofa programme and its implementation
When a programme of quality control for a particular laboratory is being designed, there is a tendency to compile a scheme which may be very efficient but is too complex for the resources of the laboratory. After the first results have been obtained interest wanes and it is possible to slip back to the utopia where 'ignorance is bliss and it is folly to be wise'. The following points if followed will prevent this.
1. It is better to have a simple, slightly imperfect scheme, rather than a complex, perfect system which Paper read at the National Meetinll of the Association of Clinical Biochemists on Quality Control in Clinical Biochemistry, Leeds, April, 1969. takes up an excessive proportion of the total laboratory effort. A wide range of control techniques is available to suit the smallest and the largest laboratories and it is difficult and inadvisable to institute too many of these methods unless computer facilities are available on at least a moderate scale. Sometimes a laboratory head will argue that he is too busy to take on the extra work entailed in instituting and maintaining a quality control programme. This situation should never obtain under any circumstances. Even if work has to be refused by a laboratory, a programme of some sort must be instituted and then remain inviolate. It must always be remembered that wrong results can lead to unnecessary suffering and may be lethal.
2. One person should be designated as quality control officer, and in a large laboratory this can almost be a full-time occupation. The person concerned often becomes dedicated and he will make it his personal responsibility that the programme is strictly adhered to. He must be responsible for the stopping of results produced by a method which has gone out of control.
3. All staff using the laboratory should be issued at regular intervals with a list of the standard deviations giving the laboratory error for each technique. Clinicians rapidly find that this information is of considerable value and if it ceases to appear regularly, or if they have cause to suspect it, they will soon wish to know the reason.
4. Quality control charts should be available for all to see, including visitors to the laboratory, particularly clinicians. This produces a degree of confidence in the laboratory which is difficult to achieve in any other way. The laboratory director should follow the charts from day to day and have them readily available for reference. 5. The scheme must be explained in detail to all staff who are kept informed of its progress. Any improvements instituted in the laboratory working are rapidly reflected in the quality control results, and this leads to an increased pride in the work and an element of competition, particularly if inter-laboratory controls are included. Once this atmosphere has been created, members of the staff will ensure that the programme does not lapse.
Factors affecting the success ofquality control
Until recently, quality control in clinical chemistry was almost unknown, the means of measuring it 119
were not developed and the good quality of all results was assumed. Now that it has been developed to a high degree of perfection the quality of work can be expressed in numbers and it is possible to investigate in detail the factors which affect it. Many of these are immediately apparent but it is not always realised how much the physical and psychological factors prevailing in our laboratories can affect the quality of our results.
Laboratory management. Responsibility for the efficiency of a laboratory lies with the director and there are many ways in which his attitude can affect the overall accuracy of his laboratory's output. If, as is all too frequently the case, this is low because he is overloaded with work and cannot, for various reasons, increase his staff, he has the choice of alternatives; either to increase efficiency, or to shed the less important items of his load and concentrate upon the more important work. The wisdom of this is shown in Table 1 . Quality control was introduced in a laboratory under considerable strain, and most alarming situations immediately became evident. Serum calcium results with a standard deviation (S.D.) of 1.4 mg/100 ml are not only useless, but dangerously misleading. It is better to stop doing them. The introduction of a less laborious technique more than halved the error, automation reduced it again and improvements in automatic methodology have since made possible a S.D. of 0.1 mg/IOO ml or better. These dramatic improvements are a direct result of being able to express quality in numbers.
Training of staff and the introduction of automation are two important factors which are controlled by management. Their effect on the quality of results is shown in Table 2. In the results for the manual assay of G.O.T. the senior technician produced a better coefficient of variation than the student, but with the institution of work simplification the student halved the magnitude of his errors but the senior technician did not improve further.
The necessity for a happy atmosphere in a laboratory cannot be stressed too highly. No worker, junior or senior, can concentrate and do good work if his mind is not on the job in hand. A good laboratory head should constantly be on the look out for undercurrents and trouble of all forms among his staff and be prepared to deal with these as a first priority. A little fatherly advice, help and sympathy in individual domestic difficulties is appreciated out of all proportion to the effort involved. In courses for all aspects of management it is invariably pointed out that respect carries greater importance than strict discipline, though the latter must not be ignored; it easily follows if the former obtains.
There are five important points whereby a laboratory director can affect the one attribute of an employee which always remains his own, that is, his attitude or his desire (Halpin, 1967) . ·Variance ratio significant at the 5% level 1. Stress the importance of perfection in the task. 2. Make it obvious that nothing less than perfection is acceptable. 3. Establish the required standards and let them be known. 4. Check individual results and let all know how they stand. 5. Give recognition for good work. It is easy to remember to criticise but praise when praise is due is often forgotten.
Laboratory organisation and layout. With modern materials, modern laboratories should be approaching the ultimate in the efficiency of their planning and layout. It is sometimes stated that research biochemists work best under slightly crowded conditions, but time and motion studies have shown that the staff in service clinical chemistry laboratories give of their best when working as comfortably as possible under uncramped conditions, with the apparatus they require near at hand. The general requirement, layout and appearance of service and research laboratories must of necessity be different.
Dirty glassware is one of the major reasons for poor quality control results. Detergents are difficult to remove and can have very damaging effects, and their use in excess leads to difficulty in the efficient rinsing of the glassware. If glassware must be used, washing is generally best done by machine or by a technician washing his or her own. Whenever possible however it is advisable to use disposable containers. A change to disposable tubes and pipettes will usually make a most marked improvement in the results of quality control.
Instruments and reagents. In order to ensure that instruments are always working at peak efficiency it is necessary to have a system of regular inspection and maintenance. The wavelength calibration of a spectrophotometer can slowly and imperceptibly drift, or slackness can develop in the cam drive of an automatic diluter, dramatically affecting its precision. Broken glass in a centrifuge bucket, or worn rubber cushions can cause repeated breakages of sample tubes and it is remarkable how often this can occur before the reason for the trouble is realised.
The calibration of glassware cannot be taken for granted: gross inaccuracies can occur occasionally in the calibration of all uncertificated volumetric glassware and thermometers.
With the introduction of so many machines, often consuming large quantities of reagents, reagent preparation becomes a larger task, and its importance cannot be stressed too greatly. If it is done by a junior person, he or she must be very closely super-121 vised. Many large laboratories now devote a special section of the laboratory to this task alone.
The working life of reagents must be closely watched and also their handling; for instance, peroxidase used for glucose assay by the glucoseoxidase method, can be rendered almost completely inactive by repeated removal from, and return to, a deep freeze. This can seriously affect a glucose assay method, and the reason for the trouble is not readily apparent.
Reagents from a fresh source need to be checked before they are put into general use and standard solutions need to be regularly inspected. Difficulties with reagents and standards account for a large proportion of the worries of the person in charge of quality control in any laboratory.
Staff welfare. Personal comfort is of very great importance, and all five senses need to be considered. Bright sunlight or bad lighting can have deleterious effects on staff, consciously and unconsciously, and also on instruments. Direct sunlight should generally be avoided and usually good artificial light is more satisfactory than natural light. Excessive noise can be very wearing to all grades of staff.
Posture and easy access to frequently used articles is important; the human race is by no means uniform in size and this should always be taken into account in the fixing of shelves and the purchasing of stools etc. Chemicals should be neatly shelved and easily accessible from the place where they are used.
With regard to temperature, it is necessary to pay attention to more than the setting of the thermostat on the central heating system. In an experiment on factory production, it was shown that while keeping temperature and humidity constant, the changing of wall colours to a light blue caused production to drop considerably, since the majority of workers felt cold and even stayed away from work. Changing the wall colours back to a rosy tan brought the level of output above that recorded before the experiment started. Draughts should be avoided as they can have an important influence on the reproducibility of results from instruments, particularly Auto-Analyzers.
Rotation of technicians is important to relieve the monotony of doing the same task for long periods, but it is difficult to lay down rules for this since training has to be allowed for, and what is boring to one technician is interesting to another. The organisation of suitable breaks must not be forgotten, to avoid what has come to be known in industry as 'the four-o'clock phenomenon', when efficiency tends to fall as the afternoon progresses. Robinson (1966) has shown that this applies to the laboratory also, in that the coefficient of variation for serum potassium determinations was found to rise considerably with time and the number of estimations completed.
Specimen collection. No result can be better than the quality of the specimen from which it was obtained. For blood-collection many laboratories now employ their own special service of phlebotomists who can be carefully trained, but ward staff are still largely relied upon for the collection of blood and there are many other tasks which can only be done by them. Some of these need very close collaboration between the laboratory and the ward and for this aspect of the work the value of a comprehensive brochure, completely up to date and containing full instructions for all the tests offered by the laboratory, with notes on their interpretation, cannot be stressed too greatly. This booklet should also contain the latest figures for the laboratory error expressed as standard deviation or coefficient of variation. The use of the book by ward doctors and nursing staff prevents many misunderstandings and innumerable telephone calls. Text books give many variations of the same test and one of them only should be selected by a laboratory in consultation with the medical staff, for use on all patients served by the laboratory.
Once the sample has reached the laboratory there are many hazards to be guarded against, such as plasma standing for an excessively long time on the cells, samples for bilirubin standing in bright light, or specimens for the assay of labile substances remaining on the bench instead of being frozen.
CoNCLUDING REMARKS
Success in quality control is never complete and running a good programme is one of the best exercises in humility anyone could wish for. Unpleasant surprises of any magnitude can follow a long run of satisfactory results, but whether the quality is good or bad the comfort of knowing that it is controlled is immense. One aspect of its psychological effect might be summed up in a quotation from Bishop Westcott.
•It is the vision ofthe ideal that guards the monotony of work from becoming the monotony of life.'
